Introduction and notations
We use Bondy and Murty [2] for terminology and notations not defined here and consider simple graphs only.
Let G = (V, E) be a graph. By an edge-coloring of G we mean a function C : E → N, the set of nonnegative integers. If G is assigned such a coloring, then G is called an edge-colored graph or, simply colored graph. Denote the colored graph by (G, C). We call C(e) the color of the edge e ∈ E. Note that C is not necessarily a proper edge-coloring, i.e., two adjacent edges may have the same color. There are many publications studying monochromatic or heterochromatic subgraphs, very often the subgraphs considered are paths, cycles, trees, etc. See [4, 1, 9, 5] and the references in [3] .
For an uncolored graph the following results are well-known, which give both sufficient and necessary conditions for the existence of perfect matchings in bipartite graphs and general graphs. Unlike uncolored matchings for which the maximum matching problem is solvable in polynomial time (see [10] ), the maximum heterochromatic matching problem is NP -complete, even for bipartite graphs (see [6] ). Heterochromatic matchings have been studied fore example in [11] and [8] . ⌉.
In this paper we will show that the lower bounds can be improved into ⌈ |X| 2 ⌉, which is best possible by giving examples.
Mail result
Our main result is as follows, which improves both Theorems 1.3 and 1.4 in [11] . 
M.
Set S = X\X M , then let γ(S) = {e, e is incident with v ∈ S}. Hence, γ(S) = γ 1 (S) ∪ γ 2 (S), where γ 1 (S) = {e, e = uv satisfying v ∈ S and u / ∈ Y M }, γ 2 (S) = {e, e = uv satisfying v ∈ S and u ∈ Y M } and γ 1 (S) ∩ γ 2 (S) = ∅. Let N c (S) be a maximum color neighborhood of S. And write
where
We have the following claims:
Proof. If Y P = ∅, that is, CN(S) ⊆ C(M), then we have
If Y P Y M , that is, there is an edge e ∈ γ 1 (S) with C(e) / ∈ C(M), then we have a new heterochromatic matching
Claim 2. γ 1 (S) = ∅ and C(γ 1 (S) ⊆ C(M)).
Proof. If γ 1 (S) = ∅, that is to say, γ(S) = γ 2 (S), then we have
Obviously, we have C(γ 1 (S)) ⊆ C(M) from Claim 1.
From Claims 1 and 2, without loss of generality, let 
If e = x i y ′ i satisfying |γ 1,i (S)| = 1 for i ∈ {1, 2, · · · , k}, then M cannot be extended larger, so this case can happen. Proof. Suppose that there is no such edge, then set S ′ = X and we have
On the other hand, if e = x i y satisfying x i ∈ X M 1 and |γ 1,i (S)| = 1, then
that is an end-vertex of some edge in γ 1,i (S) or not.
We recall [8] that a star T is called a tail of
We consider S ′ = X\X ′ . Then there are at most
Therefore,
On the other hand,
The proof of this theorem is now complete.
The following simple examples show that the lower bound in Theorem 2.2 is best possible. Let B = (X, Y ) with X = {x 1 , x 2 , · · · , x 2n } and Y = {y 1 , y 2 , · · · , y 2n } be a bipartite graph such that E(B) = {x i y i , i = 1, 2, · · · , 2n} ∪ {x 2i−1 y 2i , i = 1, 2, · · · , n} ∪ {x 2i+1 y 2i , i = 1, 2, · · · , n − 1}. The edge-coloring C of B is given by C(x 2i−1 y 2i−1 ) = C(x 2i y 2i ) = 2i − 1 and C(x 2i−1 y 2i ) = 2i for i = 1, 2, · · · , n, and C(x 2i+1 y 2i ) = 2i − 1 for i = 1, 2, · · · , n − 1. Clearly, the cardinality of a maximum heterochromatic matching of (B, C) is n = ⌈ |X| 2
⌉.
